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(54) DETERMINING SPECULAR REFLECTION INFORMATION

(57) A computer-implemented method (100) is de-
scribed. The method comprises receiving (102) imaging
data obtained by an imaging system (204) of a subject
(202) illuminated by first illumination (206a) in a first spec-
tral band and second illumination (206b) in a second
spectral band comprising different spectral content to the
first spectral band. The second illumination incident on
the subject is polarized. The imaging system is config-
ured to obtain first imaging data within the first spectral
band. The imaging system is further configured to obtain

second imaging data within the second spectral band.
The imaging system is further configured to admit the
first and second illumination into the imaging system de-
pending on a polarization state of reflected first and sec-
ond illumination received by the imaging system after
reflection from a surface of the subject. Information re-
garding specular reflection from the surface of the subject
is determined by comparing the first and second imaging
data.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method, tangible ma-
chine-readable medium and apparatus for use in imaging
in certain conditions.

BACKGROUND OF THE INVENTION

[0002] A topic of interest in the field of non-obtrusive
measurement and monitoring relates to skin sensing for
personal care and health applications. Skin sensing sys-
tems are being developed that promise skin quantifica-
tion and monitoring of features in the skin that may offer
users information that is too small to detect, too faint to
notice or too slow to follow. To deliver results that are
acceptable to users, such skin sensing systems may
need to provide sensitivity and specificity when perform-
ing skin sensing. Providing measurements taken by such
skin sensing systems are proven to be robust and relia-
ble, users may establish trust in these skin sensing sys-
tems.
[0003] Imaging-based skin sensing systems may im-
plement various imaging techniques in order to deter-
mine certain information about the user’s skin. Such in-
formation may include parameters such as glossiness of
the user’s skin. Certain systems for determining skin
glossiness may be expensive, complex and/or bulky.

SUMMARY OF THE INVENTION

[0004] Aspects or embodiments described herein re-
late to determining certain information such as glossiness
of a surface of a subject. Aspects or embodiments de-
scribed herein may obviate one or more problems asso-
ciated with expense, complexity and/or bulkiness of sys-
tems for determining such information.
[0005] In a first aspect, a method is described. The
method is a computer-implemented method. The method
comprises receiving imaging data obtained by an imag-
ing system of a subject illuminated by first illumination in
a first spectral band and second illumination in a second
spectral band comprising different spectral content to the
first spectral band. The second illumination incident on
the subject is polarized.
[0006] The imaging system is configured to obtain first
imaging data within the first spectral band by admitting
at least part of the first spectral band into the imaging
system and preventing admission of at least part of the
second spectral band into the imaging system such that
a majority of intensity information in the first imaging data
obtained within the first spectral band is derived from the
first illumination.
[0007] The imaging system is further configured to ob-
tain second imaging data within the second spectral band
by admitting at least part of the second spectral band into
the imaging system and preventing admission of at least

part of the first spectral band into the imaging system
such that a majority of intensity information in the second
imaging data obtained within the second spectral band
is derived from the second illumination.
[0008] The imaging system is further configured to ad-
mit the first and second illumination into the imaging sys-
tem depending on a polarization state of reflected first
and second illumination received by the imaging system
after reflection from a surface of the subject such that
specular and diffuse reflected first illumination is admitted
into the imaging system and diffuse reflected second il-
lumination is admitted into the imaging system.
[0009] The method further comprises determining in-
formation regarding specular reflection from the surface
of the subject by comparing the first and second imaging
data.
[0010] Some embodiments relating to the first aspect
are described below.
[0011] In some embodiments, a timeframe over which
the first imaging data is obtained at least partially overlaps
with a timeframe over which the second imaging data is
obtained.
[0012] In some embodiments, the imaging system is
configured to simultaneously obtain the first and second
imaging data.
[0013] In some embodiments, the imaging system
comprises an imaging system polarizer configured to ad-
mit, into the imaging system, reflected first and second
illumination that has an electric field component that is
parallel to a polarization axis of the imaging system po-
larizer. The imaging system polarizer is further config-
ured to attenuate reflected first and second illumination
that has an electric field component that is perpendicular
to the polarization axis.
[0014] In some embodiments, the information regard-
ing specular information is indicative of a gloss level of
the subject’s skin. The gloss level may be determined by
calculating a difference between intensity information in
the first imaging data and the second imaging data.
[0015] In some embodiments, the imaging system
comprises a color filter array. The color filter array may
be configured to enable at least one imaging device of
the imaging system to obtain the first imaging data within
the first spectral band and the second imaging data within
the second spectral band. The method may further com-
prise extracting, from raw imaging data obtained by the
at least one imaging device, the first imaging data sep-
arately from the second imaging data.
[0016] In a second aspect, a tangible machine-reada-
ble medium is described. The tangible machine-readable
medium comprises instructions which, when executed
by processing circuitry, causes the processing circuitry
to implement the method of the first aspect or any related
embodiments.
[0017] In a third aspect, apparatus is described. The
apparatus comprises processing circuitry. The process-
ing circuitry comprises a receiving module and a deter-
mining module.
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[0018] The receiving module is configured to receive
imaging data obtained by an imaging system of a subject
illuminated by first illumination in a first spectral band and
second illumination in a second spectral band comprising
different spectral content to the first spectral band. The
second illumination incident on the subject is polarized.
[0019] The imaging system is configured to obtain first
imaging data within the first spectral band by admitting
at least part of the first spectral band into the imaging
system and preventing admission of at least part of the
second spectral band into the imaging system such that
a majority of intensity information in the first imaging data
obtained within the first spectral band is derived from the
first illumination.
[0020] The imaging system is further configured to ob-
tain second imaging data within the second spectral band
by admitting at least part of the second spectral band into
the imaging system and preventing admission of at least
part of the first spectral band into the imaging system
such that a majority of intensity information in the second
imaging data obtained within the second spectral band
is derived from the second illumination.
[0021] The imaging system is further configured to ad-
mit the first and second illumination into the imaging sys-
tem depending on a polarization state of reflected first
and second illumination received by the imaging system
after reflection from a surface of the subject such that
specular and diffuse reflected first illumination is admitted
into the imaging system and diffuse reflected second il-
lumination is admitted into the imaging system.
[0022] The determining module is configured to deter-
mine information regarding specular reflection from the
surface of the subject by comparing the first and second
imaging data.
[0023] Some embodiments relating to the third aspect
are described below.
[0024] In some embodiments, a result of the compar-
ison between the first and second imaging data corre-
sponds to a measure of glossiness of the subject’s skin.
[0025] In some embodiments, the apparatus further
comprises the imaging system and/or an illumination sys-
tem configured to provide the first and second illumina-
tion.
[0026] In some embodiments, the imaging system
comprises an imaging system polarizer configured to ad-
mit, into the imaging system, reflected first and second
illumination that has an electric field component that is
parallel to a polarization axis of the imaging system po-
larizer. The imaging system polarizer is further config-
ured to prevent admission, into the imaging system, of
reflected first and second illumination that has an electric
field component that is perpendicular to the polarization
axis.
[0027] In some embodiments, the illumination system
comprises an illumination system polarizer configured to
polarize the second illumination that is directed towards
the subject. A polarization axis of the imaging system
polarizer may be orthogonal to the polarization axis of

the illumination system polarizer.
[0028] In some embodiments, the illumination system
is configured such that the first illumination directed to-
wards the subject is unpolarized or the illumination sys-
tem comprises an additional illumination system polariz-
er configured to polarize the first illumination directed to-
wards the subject such that the polarization state of the
first illumination that is directed towards the subject is
orthogonal to the polarization state of the second illumi-
nation that is directed towards the subject.
[0029] In some embodiments, the illumination system
is configured to direct the first and second illumination
towards the subject such that both a specular and diffuse
component of the first and second illumination reflected
from the surface of the subject is directed into the imaging
system for admission thereinto depending on the polar-
ization state of the reflected first and second illumination.
[0030] In some embodiments, the imaging system
comprises at least one imaging device and an optical
filter array.
[0031] The optical filter array may be configured to
pass, to a first set of pixels of the at least one imaging
device, at least part of the first spectral band into the
imaging system such that the majority of intensity infor-
mation in the first imaging data obtained within the first
spectral band is derived from the first illumination.
[0032] The optical filter array may be further configured
to pass, to a second, different, set of pixels of the at least
one imaging device, at least part of the second spectral
band into the imaging system such that the majority of
intensity information in the second imaging data obtained
within the second spectral band is derived from the sec-
ond illumination.
[0033] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Exemplary embodiments of the invention will
now be described, by way of example only, with reference
to the following drawings, in which:

Fig. 1 refers to a method of determining certain in-
formation about a surface of a subject according to
an embodiment;
Fig. 2 is a schematic drawing of a system for deter-
mining certain information about a surface of a sub-
ject according to an embodiment;
Fig. 3 is a schematic drawing of a system for deter-
mining certain information about a surface of a sub-
ject according to an embodiment;
Fig. 4 depicts example optical parameters of certain
components of the system of Fig. 3;
Fig. 5 is a schematic drawing of a representation of
the method of determining certain information about
a surface of a subject according to an embodiment;
Fig. 6 refers to a method of determining certain in-
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formation about a surface of a subject according to
an embodiment according to an embodiment;
Fig. 7 is a schematic drawing of a machine-readable
medium for determining certain information about a
surface of a subject according to an embodiment;
and
Fig. 8 is a schematic drawing of an apparatus for
determining certain information about a surface of a
subject according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] Skin that appears to have a natural, luminous
gloss without appearing oily may be desirable in some
skin beauty scenarios. The visible appearance of the skin
depends on the light interaction with the skin. The level
of apparent gloss may depend on the underlying surface
and subsurface reflections arising from different angles
of light incident on the skin.
[0036] The measurement of skin gloss may be of in-
terest in the efficacy testing of certain skincare solutions.
For example, skin gloss may be relevant to skin beauty
and may have implications for personal confidence
and/or achieving a specified appearance.
[0037] Skincare products such as make-up, moisturiz-
ers, etc., may be applied to the skin, which may affect
the apparent gloss of the skin. Further, some devices
such as skin cleaning devices, shavers, exfoliators, hy-
dration devices, skin stimulators (e.g., mechanical, elec-
trical, optical) or any other devices which may change
the appearance of the skin (e.g., for beauty reasons or
otherwise) may also affect the apparent gloss of the skin.
Skincare products and/or devices may be used as part
of a personal care regime.
[0038] Certain personal care regimes may involve
characterizing the gloss of the skin (e.g., before and/or
after the personal care regime). For example, a user in-
terested in characterizing their skin (e.g., to determine
skin gloss) may use certain embodiments described
herein to determine information useful for such charac-
terization. This information may be useful for evaluating
a personal care regime.
[0039] Fig. 1 shows a method 100 (e.g., a computer-
implemented method) of determining certain information
about a surface of a subject (e.g., the skin of a user). The
method 100 may be implemented by a computer such
as a user device, or a server or cloud-based service (e.g.,
communicatively coupled to the user device). An exam-
ple of a user device includes a smart device such as a
smartphone, tablet, smart mirror or any other device ca-
pable of processing imaging data as described below.
[0040] The method 100 comprises, at block 102, re-
ceiving imaging data.
As described in more detail below, the imaging data may
be obtained by an imaging system (prior to being received
according to block 102 of the method 100). The imaging
data may refer to information such as pixel intensity in-
formation derived from at least one image obtained by

the imaging system of a subject illuminated by first illu-
mination and second illumination. The first illumination
is in a first spectral band and the second illumination is
in a second spectral band. The first spectral band com-
prises different spectral content to the first spectral band.
The first spectral band may or may not overlap with the
second spectral band. More details of the first and second
spectral band are described in more detail below. The
second illumination incident on the subject is polarized
(e.g., linearly polarized).
[0041] The imaging system is configured to obtain first
imaging data within the first spectral band by admitting
at least part of the first spectral band into the imaging
system and preventing admission of at least part of the
second spectral band into the imaging system such that
a majority of intensity information in the first imaging data
obtained within the first spectral band is derived from the
first illumination.
[0042] The imaging system is further configured to ob-
tain second imaging data within the second spectral band
by admitting at least part of the second spectral band into
the imaging system and preventing admission of at least
part of the first spectral band into the imaging system
such that a majority of intensity information in the second
imaging data obtained within the second spectral band
is derived from the second illumination.
[0043] Thus, the imaging system may obtain both the
first imaging data and the second imaging data, which
may be distinct from the first imaging data in that different
reflection information may be apparent in the first and
second imaging data.
[0044] The first imaging data may correspond to imag-
ing performed within the first spectral band. The second
imaging data may correspond to imaging performed with-
in the second spectral band. Depending on the spectral
overlap between the channels used for obtaining the first
and second imaging data, as well as the spectral overlap
between the first spectral band and the second spectral
band, the first imaging data may or may not comprise
information derived from the second illumination, and
vice versa.
[0045] Embodiments of the imaging system described
herein may provide ways to ensure that the majority of
intensity information (e.g., at least 50% of the sum of the
pixel intensity values) in the first imaging data obtained
within the first spectral band is derived from the first illu-
mination. Similarly, such embodiments may provide
ways to ensure that the majority of intensity information
(e.g., at least 50% of the sum of the pixel intensity values
from the image) in the second imaging data obtained
within the second spectral band is derived from the sec-
ond illumination.
[0046] In other words, at least 50% (i.e., the ’majority’)
of the total intensity information (e.g., sum of the pixel
intensity values within the first imaging data) registered
in the first imaging data is caused by the first illumination
(for instance, ’red’ light) being admitted into the imaging
system and being detected by the pixels of an imaging
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device of the imaging system. Correspondingly, less than
50% (i.e., a ’minority’) of the total intensity information
(e.g., sum of the pixel intensity values within the first im-
aging data) registered in the first imaging data is caused
by the second illumination (for instance, ’blue’ light) being
admitted into the imaging system and being detected by
the pixels of an imaging device of the imaging system.
Corresponding logic applies to the second imaging data.
[0047] The imaging system is further configured to ad-
mit the first and second illumination into the imaging sys-
tem depending on a polarization state of reflected first
and second illumination received by the imaging system
after reflection from a surface of the subject such that
specular and diffuse reflected first illumination is admitted
into the imaging system and diffuse reflected second il-
lumination is admitted into the imaging system.
[0048] As explained in more detail below, the first and
second illumination incident on (i.e., directed towards)
the subject has a certain initial polarization state (e.g.,
polarized or unpolarized). Upon reflection from the sur-
face (and/or sub-surface) of the subject, this polarization
state may or may not be retained. For example, diffusely
reflected illumination may be unpolarized (or randomly
polarized) irrespective of the polarization state of the il-
lumination incident on the surface (e.g., the ’roughness’
of the surface may at least partially randomize the polar-
ization state upon reflection). However, specular reflect-
ed illumination may at least partially maintain the polar-
ization state of the illumination incident on the surface if
the illumination incident on the surface is initially polar-
ized. Unpolarized illumination incident on the surface
may remain unpolarized after specular reflection. How-
ever, in some cases, unpolarized illumination incident on
the surface may be at least partially polarized upon re-
flection, depending on the angle of incidence.
[0049] The imaging system is configured such that
specular and diffuse reflected illumination may or may
not be admitted into the imaging system, depending on
its polarization state upon entry to the imaging system
(i.e., after reflection from the surface).
[0050] The method 100 further comprises, at block
104, determining information regarding specular reflec-
tion from the surface of the subject by comparing the first
and second imaging data.
[0051] As noted above, the first imaging data compris-
es information regarding both specular and diffuse re-
flected first illumination. The second imaging data com-
prises information regarding diffuse reflected second il-
lumination. Specular reflections may be indicative of the
level of apparent gloss while diffuse reflections may ob-
scure such specular reflections. By comparing the first
and second imaging data, it may be possible to determine
information regarding the specular reflections, and hence
the level of gloss, since the comparison may decouple
the specular reflection information from the diffuse re-
flection information.
[0052] Thus, in some embodiments, the information re-
garding specular information is indicative of a gloss level

of the subject’s skin. The gloss level may be determined
by calculating a difference between intensity information
in the first imaging data and the second imaging data. In
other similar words, a result of the comparison between
the first and second imaging data corresponds to a meas-
ure of glossiness of the subject’s skin.
[0053] Certain embodiments described herein may fa-
cilitate (e.g., full-face) visualization of skin gloss in a rel-
atively inexpensive manner. For example, a user device
such as a smart phone equipped with an imaging system
comprising an imaging device may be capable of acquir-
ing the first and second imaging data. In some cases,
additional equipment such as a hardware module (e.g.,
comprising a polarizer and/or illumination system) that
can be coupled to the user device or used in situ with the
user device may be used to facilitate obtaining the first
and second imaging data (e.g., to admit first and second
illumination depending on its polarization state, as re-
ferred to in the method 100 and/or provide the first and
second illumination). In other cases, a dedicated device
may have the hardware and corresponding functionality
to facilitate obtaining the first and second imaging data,
providing the first and second illumination and/or deter-
mining the information referred to in the method 100. In
addition, certain embodiments described herein may fa-
cilitation the provision of precise and/or accurate meas-
urement of the skin gloss and tracking/monitoring over
time.
[0054] Fig. 2 shows a system 200 for determining cer-
tain information about a surface of a subject according
to certain embodiments. The system 200 may at least
partially implement certain methods described herein
such as method 100 above. Certain blocks of the system
200 may be omitted in some embodiments.
[0055] The system 200 is being used by a subject 202
and comprises an imaging system 204 and an illumina-
tion system 206. The imaging system 204 is used to ac-
quire imaging data referred to in the method 100. The
illumination system 206 is configured to provide the first
and second illumination 206a, 206b. The imaging system
204 and/or the illumination system 206 may be imple-
mented by at least one device such as a user device.
Thus, in some embodiments, separate devices may com-
prise the imaging system 204 and the illumination system
206 and, in other embodiments, the same device may
comprise the imaging system 204 and the illumination
system 206.
[0056] The system 200 further comprises a computer
208 (e.g., comprising processing circuitry implemented
by a device or a server or cloud-based service for imple-
menting certain methods described herein). Thus, the
computer 208 may be communicatively coupled to the
imaging system 204 and/or the illumination system 206
to send and/or receive data to/from these systems. This
data may be processed by the processing circuitry of the
computer 208 and/or be stored in a memory (e.g., of the
computer 208 or accessible to processing circuitry of the
computer 208). In some embodiments, the computer 208
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may control the operation of the imaging system 204
and/or the illumination system 206. In some embodi-
ments, the computer 208 comprises a controller for con-
trolling illumination parameters (e.g., operating parame-
ters for the illumination system 206) and/or detection pa-
rameters (e.g., operating parameters for the imaging sys-
tem 204) and storing and/or processing the captured im-
ages or videos.
[0057] As depicted by Fig. 2, both the first illumination
206a (solid line) and the second illumination 206b
(dashed line) is directed towards the surface of the sub-
ject 202 by the illumination system 206. The first and
second illumination 206a, 206b incident on the subject
is then reflected (e.g., specular and/or diffusely reflected)
such that at least some of the reflected illumination 206a,
206b is directed towards and into the imaging system
204. As depicted by Fig. 2, the angle between the incident
and reflected light depends on the respective positions
of the imaging system 204 and illumination system 206
in relation to the subject 202. The operation of the system
200 may not strongly depend on the angle although dif-
ferent angles may affect how much illumination 206a,
206b is specular or diffuse reflected. In an embodiment,
the angle of incidence is as close as possible to normal
incidence (e.g., less than 10 degrees) although it shall
be appreciated that other ranges of angles may be used
depending on the configuration of the imaging system
204 and illumination system 206.
[0058] Fig. 3 shows different views (a) and (b) of a sys-
tem 300 for determining certain information about a sur-
face of a subject according to certain embodiments. View
(a) is a side-view of the system 300 in a plane comprising
the optical axis. View (b) is a front view of certain com-
ponents of the system 300 in a plane perpendicular to
the optical axis. Components of features of the system
300 are schematic and may be provided in any appro-
priate arrangement other than the one shown by Fig. 3.
Reference numerals for features in system 300 with the
same or similar functionality to corresponding features
in system 200 are incremented by 100. The system 300
comprises certain corresponding features of the system
200 (i.e., an imaging system 304, illumination system 306
and the computer 308). The system 300 may at least
partially implement certain methods described herein
such as the method 100.
[0059] A description of the imaging system 304 is now
given.
[0060] The imaging system 304 comprises a polarizing
device (i.e., an ’imaging system polarizer’ 310). The im-
aging system polarizer 310 is configured to admit, into
the imaging system 304, reflected first and second illu-
mination 306a, 306b (i.e., reflected from the surface of
the subject 202) that has an electric field component that
is parallel to a polarization axis of the imaging system
polarizer 310; and attenuate reflected first and second
illumination 306a, 306b that has an electric field compo-
nent that is perpendicular to the polarization axis. The
first and second illumination 306a, 306b that is attenuat-

ed upon admission into the imaging system 304 may be
attenuated by absorption or reflection by the imaging sys-
tem polarizer 310. The ’polarization axis’ refers to the
electric field vector direction that is selected for admission
into the imaging system 304. For example, if the electric
field vector of the illumination 306a, 306b is parallel to
the polarization axis, the polarizing device admits this
illumination 306a, 306b into the imaging system 304.
[0061] In some cases, the imaging system polarizer
310 comprises a (linear) polarizing device such as a po-
larizing filter, which may allow (at least partial) transmis-
sion of the first and second illumination 306a, 306b if the
illumination 306a, 306b comprises a non-zero electric
field (vector) component parallel to the polarization axis
(which may also be referred to as a ’transmission axis’)
of the polarizing filter. The polarizing filter may attenuate
transmission of the first and second illumination 306a,
306b if the illumination 306a, 306b comprises a non-zero
electric field (vector) component perpendicular to the
transmission axis of the polarizing filter.
[0062] In some cases, the imaging system polarizer
310 comprises a polarizing device such as a polarizing
beam splitter (PBS, not shown) capable of transmitting
or reflecting illumination depending on the polarization
state of the incident illumination. Such a polarizing device
may be configured to admit illumination of a certain po-
larization state into the imaging system 304 depending
on the polarization state (e.g., polarized illumination re-
flected from the PBS may be admitted or polarized illu-
mination transmitted by the PBS may be admitted de-
pending on the configuration of the PBS). In any case, a
polarization axis of the PBS may be oriented in such a
way to select which polarization state is to be admitted
into the imaging system 304.
[0063] Thus, a portion of the illumination 306a, 306b
with a zero electric field vector component perpendicular
to the polarization axis of the imaging system polarizer
310 (and non-zero component parallel to the polarization
axis) is admitted into the imaging system 304 by the im-
aging system polarizer 310 with little or no attenuation.
[0064] However, a portion of the illumination 306a,
306b with a zero electric field vector component parallel
to the polarization axis (and a non-zero component per-
pendicular to the polarization axis) is attenuated (poten-
tially completely attenuated) by the imaging system po-
larizer 310. The level of attenuation thus depends on the
ratio of the electric field vector components that are par-
allel and perpendicular to the polarization axis of the im-
aging system polarizer 310.
[0065] Thus, the imaging system polarizer 310 admits
and/or attenuates the first and second illumination 306a,
306b reflected from the surface of the subject 302 de-
pending on the polarization state of the reflected illumi-
nation 306a, 306b that is directed into the imaging system
304.
[0066] An optical axis (’z’) may be defined between the
imaging system 304 and the subject 302. The optical axis
may also be referred to as an ’imaging axis’. In relation
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to the optical axis, z, the imaging system polarizer 310
has a ’horizontal’ polarization axis in the ’x’ direction de-
picted by the dot adjacent the imaging system polarizer
310 (where the corresponding ’y’ direction is shown as
vertical in Fig. 3). Thus, illumination 306a, 306b that has
a non-zero electric field component in the x-axis is ad-
mitted into the imaging system 304 by the imaging system
polarizer 310, although it may be attenuated depending
on whether there is a non-zero electric field component
perpendicular to the polarization axis of the imaging sys-
tem polarizer 310. The coordinate system shown by Fig.
3 and elsewhere in this disclosure is provided to assist
with explanation and other coordinate systems can be
used.
[0067] In this embodiment, the imaging system polar-
izer 310 is configured to admit the first and second illu-
mination 306a, 306b into the imaging system 304 de-
pending on the polarization state of the reflected first and
second illumination 306a, 306b received by the imaging
system 304 after reflection from the surface of the subject
302 such that specular and diffuse reflected first illumi-
nation 306a is admitted into the imaging system 304 and
diffuse reflected second illumination 306b is admitted into
the imaging system 304. The illumination 306a, 306b ad-
mitted by the imaging system polarizer 310 (i.e., after
admission) has a zero electric field component perpen-
dicular to the polarization axis of the imaging system po-
larizer 310 (assuming a completely efficient polarizer,
which is unlikely to be the case in reality).
[0068] In some embodiments, the specular and diffuse
reflected first illumination 306a is attenuated depending
on the polarization state of the reflected first illumination
306a incident on the subject 302. For example, approx-
imately 50% of the total reflected first illumination 306a
is admitted (the other 50% being attenuated due to ab-
sorption or reflection) if the polarization state of the re-
flected first illumination 306a is random. However, if the
reflected first illumination 306a is not randomly polarized,
the level of attenuation may vary depending on the angle
between the polarization state of the first illumination
306a and the polarization axis. As a result, the first im-
aging data may comprise information regarding both
specular and diffuse reflected first illumination 306a.
[0069] In addition, the specular reflected second illu-
mination 306b may likely be almost completely attenuat-
ed if it has zero electric field vector component parallel
to the polarization axis of the imaging system polarizer
310. The polarized second illumination 306b (before re-
flection) may have an electric field component that is per-
pendicular to the polarization axis of the imaging system
polarizer 310. Providing the polarization state is main-
tained (and not substantially rotated) after reflection (i.e.,
it is not randomized due to surface roughness), the re-
flected second illumination 306b has a zero electric field
component parallel to the polarization axis of the imaging
system polarizer 310. As a result in this case, the second
illumination 306b may be substantially attenuated such
that not much or any second illumination 306b is admitted

by the imaging system polarizer 310. In the case of sur-
face roughness or low gloss, some diffuse reflection of
the second illumination 306b may occur, which at least
partially randomizes the polarization state of the (initially
polarized) second illumination 306b. Thus, at least some
of the diffused reflected second illumination 306b may
have a non-zero electric field component aligned with the
polarization axis, to allow at least attenuated admission
of said diffused reflected second illumination 306b. Thus,
the second imaging data may comprise information re-
garding diffuse reflected second illumination 306b (but
not specular reflected second illumination 306b).
[0070] The imaging system polarizer 310 may there-
fore be used to admit and/or attenuate illumination 306a,
306b comprising certain polarization states. That is, the
orientation of the polarization axis of the imaging system
polarizer 310 is such that certain portions of the reflected
first and second illumination 306a, 306b may be admitted
or attenuated depending on the polarization state of the
reflected first and second illumination 306a, 306b.
[0071] As highlighted above, the reflected first and sec-
ond illumination 306a, 306b may have multiple polariza-
tion states due to the polarization state of different por-
tions of the reflected first and second illumination 306a,
306b being modified by different extents after reflection
from different surface types. For example, polarized sec-
ond illumination 306b incident on a rough surface may
become randomly polarized after reflection while polar-
ized second illumination 306b incident on a smooth,
glossy surface may substantially maintain its polarized
state after reflection (i.e., initially polarized illumination
may remain polarized after reflection).
[0072] In some embodiments, initially unpolarized (or
randomly polarized) first illumination 306a may remain
unpolarized after reflection from a rough surface. In some
embodiments, initially unpolarized (or randomly polar-
ized) first illumination 306a may be at least partially po-
larized after reflection from a smooth, or glossy surface.
In some embodiments the first illumination 306a may be
polarized with an initial polarization state that is orthog-
onal to the polarization state of the second illumination
306b.
[0073] Accordingly, in the case of unpolarized first il-
lumination 306a and polarized second illumination 306b
incident on the subject 302 that is smooth and/or glossy,
the first imaging data (corresponding to imaging using
the first illumination 306a) comprises information regard-
ing both specular and diffuse reflected first illumination
306a. The registered pixel intensity levels for the second
imaging data (corresponding to imaging using the second
illumination 306b) may be much lower (i.e., darker) than
for the first imaging data because the reflected second
illumination 306b admitted into the imaging system may
be substantially attenuated by the imaging system polar-
izer 310 due its zero or near-zero electric field component
parallel to the polarization axis of the imaging system
polarizer 310.
[0074] Thus, by calculating a difference between the
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first imaging data (comprising both specular and diffuse
reflection information) and the second imaging data
(comprising diffuse reflection information), information
regarding the specular reflection information may be de-
termined. In the above case, the level of diffuse reflection
may be low and the level of specular reflection is relatively
high due to the glossy surface.
[0075] In the case of unpolarized first illumination 306a
and polarized second illumination 306b incident on the
subject 302 that is rough, the first imaging data (corre-
sponding to imaging using the first illumination 306a)
comprises information regarding both specular and dif-
fuse reflected first illumination 306a. The registered pixel
intensity levels for the second imaging data (correspond-
ing to imaging using the second illumination 306b) may
not be dark (in contrast to the previous case) because
the reflected second illumination 306b admitted into the
imaging system 304 may not be substantially attenuated
by the imaging system polarizer 310 (due its non-zero
electric field component parallel to the polarization axis
of the imaging system polarizer 310 resulting from the
reflected second illumination 306b comprising diffuse re-
flections, which may be at least partially randomly polar-
ized).
[0076] Thus, by calculating a difference between the
first imaging data (comprising both specular and diffuse
reflection information) and the second imaging data
(comprising diffuse reflection information), information
regarding the specular reflection information may be de-
termined. In the above case, the level of diffuse reflection
may be high and the level of specular reflection is rela-
tively low due to the rough surface.
[0077] Therefore, the ratio of (or difference between)
pixel intensity values in the first and second imaging data
may be indicative of the relative amount of specular and
diffuse reflections from the surface. If the second imaging
data is relatively ’dark’ (with low registered pixel intensity
values) compared with the first imaging data, this may
indicate a glossy surface. However, if the second imaging
data is relatively ’bright’ (with relatively higher registered
pixel intensity values compared with the ’glossy’ case)
compared with the first imaging data, this may indicate
a rough surface.
[0078] In some cases, the ratio or difference between
the pixel intensity values in the first and second imaging
data may provide a quantitative measurement of the
specular reflection.
[0079] In some embodiments, the imaging system 304
comprises a color filter array 312 configured to enable at
least one imaging device 314 of the imaging system 304
to obtain the first imaging data within the first spectral
band and the second imaging data within the second
spectral band. The color filter array 312 may be provided
as part of the imaging device(s) 314 itself (e.g., a Bayer
filter or another type of filter layer) or as a separate com-
ponent.
[0080] In an embodiment, the color filter array 312 may
be aligned with the pixels (not shown) of the imaging

device 314 such that each filter ’cell’ or ’channel’ of the
array 312 is aligned with a corresponding pixel of the
imaging device 314. For example, a Bayer filter may com-
prise red, green and blue bandpass filter ’cells’ which are
aligned with the pixels of the imaging device 314. Thus,
some pixels of the imaging device 314 register ’red’ light,
some pixels register ’green’ light and the remaining pixels
register ’blue’ light. In an embodiment, the ’red’ pixels
may provide first imaging data and the ’green’ pixels may
provide the second imaging data. In another embodi-
ment, the ’red’ pixels may provide the first imaging data
and the ’blue’ pixels may provide the second imaging
data. Any other combination of colors associated with
the pixels may provide the first and second imaging data.
[0081] Thus, in some embodiments, the imaging sys-
tem 304 comprises at least one imaging device 314 and
an optical filter array 312. The optical filter array 312 is
configured to pass, to a first set of pixels of the at least
one imaging device 314, at least part of the first spectral
band into the imaging system 304 such that the majority
of intensity information in the first imaging data obtained
within the first spectral band is derived from the first illu-
mination 306a. The optical filter array 312 is further con-
figured to pass, to a second, different, set of pixels of the
at least one imaging device 314, at least part of the sec-
ond spectral band into the imaging system 304 such that
the majority of intensity information in the second imaging
data obtained within the second spectral band is derived
from the second illumination 306a.
[0082] The imaging device(s) 314 and/or the computer
308 may extract, from raw imaging data obtained by the
imaging device(s) 314, the first imaging data separately
from the second imaging data. For example, certain pix-
els of the imaging device(s) 314 which correspond to a
certain color (e.g., one of red, green or blue) may provide
pixel intensity information as ’raw’ data for the first imag-
ing data. Certain other pixels of the imaging device(s)
314 which correspond to another color (e.g., another one
of red, green or blue) may provide pixel intensity infor-
mation as ’raw’ data for the second imaging data.
[0083] In another embodiment, the imaging system
304 comprises multiple (e.g., two or more) imaging de-
vices (not shown). A first of the imaging devices may
receive the first illumination but not the second illumina-
tion (e.g., via an appropriate optical arrangement includ-
ing an appropriate optical filter). A second of the imaging
devices may receive the second illumination but not the
first illumination. Thus, the first imaging device may pro-
vide the first imaging data and the second imaging device
may provide the second imaging data.
[0084] According to the arrangements described
above, the first and second imaging data can be obtained
over the same or an overlapping time period. In other
words, in some embodiments, a timeframe over which
the first imaging data is obtained at least partially overlaps
with a timeframe over which the second imaging data is
obtained. This may occur where certain pixels (or a first
imaging device) associated with the first imaging data
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performs imaging (e.g., acquires a frame) over a first time
period and certain pixels (or a second imaging device)
associated with the second imaging data performs im-
aging over a second time period which at least partially
overlaps with the first time period.
[0085] In another embodiment, the imaging system
304 is configured to simultaneously obtain the first and
second imaging data. For example, pixels configured to
measure intensity levels for the first imaging data may
measure such intensity levels at the same time as pixels
configured to measure intensity levels for the second im-
aging data.
[0086] By obtaining the first and second imaging data
over an overlapping time period and/or simultaneously,
the imaging data for determining the information regard-
ing specular reflection may be obtained in a manner that
is relatively straightforward and inexpensive. For exam-
ple, a user device such as a smartphone may be config-
ured to obtain the first and second imaging data in a
straightforward manner by providing an imaging system
polarizer in conjunction with the imaging device(s) of the
user device as described above. In some cases, an im-
aging system polarizer 310 may be a component of the
user device itself or, in other cases, a separate compo-
nent.
[0087] As the surface of the subject (e.g., a user’s face)
may move voluntarily and/or involuntarily, obtaining the
first and second imaging data over an overlapping time
period and/or simultaneously may reduce error when de-
termining the information regarding specular information.
For example, the same pixels may be more likely to reg-
ister information from the same part of the surface of the
user’s face if the first and second imaging data is obtained
simultaneously. Further, in some cases, gloss measure-
ments may be taken of multiple views of the face to cover
multiple angles. Embodiments described herein may fa-
cilitate taking a sequence of frames with an imaging de-
vice (e.g., a video or sequence of images) that is capable
of spectrally separating the first and second imaging data
simultaneously.
[0088] The spectral gating of the first illumination and
second illumination, along with the polarization depend-
ency of illumination 306a, 306b admitted into the imaging
system 304 may allow the first imaging data to be distin-
guished from the second imaging data. Thus, the config-
uration of the imaging system 304 and the illumination
system 306 may provide a way to easily distinguish be-
tween reflected illumination 306a, 306b which comprises
specular reflection information from reflected illumination
306a, 306b which comprises diffuse reflection informa-
tion, and hence determine the specular reflection infor-
mation.
[0089] A description of the illumination system 306 is
now given.
[0090] The illumination system 306 comprises a first
illumination source 316 (e.g., at least one light-emitting
diode (LED) or other type of light source) configured to
provide the first illumination 306a. In this embodiment,

the first illumination 306a is unpolarized and is directed
towards the subject 302. The illumination system 306
further comprises a second illumination source 318 (e.g.,
at least one light-emitting diode (LED) or other type of
light source) configured to provide the second illumina-
tion 306b. The second illumination 306a is directed to-
wards the subject 302 in a similar manner to the first
illumination 306b. In this regard, the first illumination
source 316 and second illumination source 318 may be
adjacent to each other or in any appropriate arrangement
to illuminate the subject 302.
[0091] The illumination system 306 comprises an illu-
mination system polarizer 320 configured to polarize the
second illumination 306b that is directed towards the sub-
ject 302. A polarization axis of the imaging system po-
larizer 310 is orthogonal to the polarization axis of the
illumination system polarizer 320 (e.g., with respect to
the optical axis). In other similar words, the polarization
states admitted or transmitted by the imaging system po-
larizer 310 and illumination system polarizer 320 may be
orthogonal to each other (or the two orthogonal polariza-
tion states may represent diagonally opposite points on
the Poincare sphere). As shown by Fig. 3, the imaging
system polarizer 310 has a polarization axis in the x-
direction and the illumination system polarizer 320 has
a polarization axis in the y-direction.
[0092] In some embodiments, the illumination system
306 is configured to direct the first and second illumina-
tion 306a, 306b towards the subject 302 such that both
a specular and diffuse component of the first and second
illumination 306a, 306b reflected from the surface of the
subject 302 is directed into the imaging system 304 for
admission thereinto depending on the polarization state
of the reflected first and second illumination 306a, 306b.
[0093] As noted above, the angle of incidence may
vary depending on the configuration. In a possible con-
figuration, the illumination system 306 comprises the first
and second illumination sources 316, 318 positioned ad-
jacent to the imaging system 304 such that the angle of
incidence is as close as possible to normal incidence. In
a possible configuration, multiple first and second illumi-
nation sources 316, 318 may be positioned around (e.g.,
concentrically around in a ring) the imaging system 304
so that the subject 302 is illuminated evenly from multiple
angles.
[0094] In the embodiment shown by Fig. 3, the illumi-
nation system 306 is configured such that the first illumi-
nation 306a directed towards the subject 302 is unpolar-
ized. However, in some embodiments, the illumination
system 306 comprises an additional illumination system
polarizer (not shown) configured to polarize the first illu-
mination 306a directed towards the subject 302 such that
the polarization state of the first illumination 306a incident
on the subject 302 is orthogonal to the polarization state
of the second illumination 306b incident on the subject.
In other words, the additional illumination system polar-
izer may have its polarization axis oriented along the x-
axis in Fig. 3.
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[0095] Fig. 4 shows example optical parameters of cer-
tain components of the system 300 of Fig. 3 in graph form
of transmission (%) as function of wavelength (for the
solid lines) and is overlaid with dotted lines corresponding
to the spectral content of the first and second illumination
sources 316, 318 referred to in Fig. 3. Reference numer-
als for features referred to in Fig. 3 are incremented by
100.
[0096] In case #1, the first illumination 406a (dotted
line) comprises spectral content in a first spectral band
centered around 650 nm (nanometers), i.e., towards the
’red’ part of the spectrum. The full-width half-maximum
spectral width of the first spectral band is around 60 nm.
The color filter array 312 of Fig. 3 comprises different
’cells’ for admitting/passing the first spectral band. In Fig.
4, the spectral admission band for admitting the first illu-
mination 406a is depicted by solid line 412a. The spectral
admission band is predominantly in the ’red’ to ’infrared’
part of the spectrum (e.g., between around 570 to 900
nm). The first spectral band of the first illumination 406a
substantially overlaps with the spectral admission band
412a. Thus, the cells in the color filter array 312 of Fig.
3 that correspond to the spectral admission band 412a
admit the first illumination 406a such that the first illumi-
nation 406a is detected by the corresponding pixels (e.g.,
to reduce detecting illumination in other spectral bands).
[0097] The second illumination 406b (dotted line) com-
prises spectral content in a second spectral band cen-
tered around 450 nm, i.e., towards the ’blue’ part of the
spectrum. The full-width half-maximum spectral width of
the second spectral band is around 50 nm. The spectral
admission band for admitting the second illumination
406b is depicted by solid line 412b. The spectral admis-
sion band is predominantly in the ’bluer’ part of the spec-
trum (e.g., between <400 to 550 nm). The second spec-
tral band of the second illumination 406b substantially
overlaps with the spectral admission band 412b. Thus,
the cells in the color filter array 312 of Fig. 3 that corre-
spond to the spectral admission band 412b admit the
second illumination 406b such that the second illumina-
tion 406b is detected by the corresponding pixels (e.g.,
to reduce detecting illumination in other spectral bands
such as the first illumination 406a).
[0098] In case #2 of Fig. 4, the first illumination 406a
and spectral admission band 412a is the same as case
#1. However, the second illumination 406b (dotted line)
comprises spectral content in a second spectral band
centered around 530 nm, i.e., comprising the ’green’ part
of the spectrum. The full-width half-maximum spectral
width of the second spectral band is around 50 nm. The
spectral admission band for admitting the second illumi-
nation 406b is depicted by solid line 412b. The spectral
admission band is predominantly in the ’green’ part of
the spectrum (e.g., between around 450 to 610 nm). The
second spectral band of the second illumination 406b
substantially overlaps with the spectral admission band
412b. Thus, the cells in the color filter array 312 of Fig.
3 that correspond to the spectral admission band 412b

admit the second illumination 406b such that the second
illumination 406b is detected by the corresponding pixels
(to reduce detecting illumination in other spectral bands
such as the first illumination 406a).
[0099] Case #2 highlights how there may be a degree
of spectral overlap between the spectral admission
bands and/or first and second illumination 406a, 406b
providing there is sufficient spectral distinction as dis-
cussed below.
[0100] This spectral distinction may be obtained if the
wavelength bands (e.g., intervals) of each illumination
source 316, 318 have: 1) substantial spectral overlap with
the spectral sensitivity of the associated channel (e.g.,
substantial overlap of the spectral content of the illumi-
nation 406a, 406b with the corresponding spectral ad-
mission bands 412a, 412b) of the imaging system 304
(e.g., a red light source may have an associated red de-
tection channel); and 2) minimal spectral overlap with the
spectral sensitivity of the non-associated channel/s. In
other similar words, a majority of intensity information in
the first imaging data obtained within the first spectral
band is derived from the first illumination 406a. Similarly,
a majority of intensity information in the second imaging
data obtained within the second spectral band is derived
from the second illumination 406b. To a certain extent in
case #1 and more so in case #2, there may be some
’leakage’ between the channels. However, the majority
of the pixel intensity information is likely to be derived
from the correct channel due to the spectral distinction
described above.
[0101] Case #1 refers to a scenario which may be re-
garded as having an ideal overlap (e.g., overlap is meas-
ured as the ratio of the overlapping area under the curve
to the area of the illumination source spectrum) between
the first illumination source 406a and the corresponding
detection channel defined by the spectral admission
band 412a. The same applies for the second illumination
source 406b and the corresponding detection channel
defined by the spectral admission band 412b. Here, the
spectral overlap between the first and second illumination
406a, 406b and the non-associated detection channel
(e.g., the second and first spectral admission bands
412b, 412a, respectively) is minimal, e.g., <10% of the
total spectral width is overlapped. It may be observed
that the spectral overlap between the first and second
illumination 406a, 406b and the non-associated detec-
tion channel spectra is roughly equivalent to the error in
the calculated specular reflection. In case #2, there may
be a greater degree of overlap compared with case #1
but there is sufficient spectral distinction to facilitate the
spectral gating operation.
[0102] The choice of wavelength or wavelengths for
each of the first and second illumination 406a, 406b is
generally not relevant, except for being appropriate for
the wavelength detection range of the associated detec-
tion channel(s). For example, rather than having the first
illumination 406a comprising the red part of the spectrum
and the second illumination 406b comprising the blue or
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green part of the spectrum as in cases #1 and #2 above,
another configuration may be selected. For example, the
first illumination 406a may comprise the blue or green
part of the spectrum and the second illumination 406b
may comprise the green or red part of the spectrum. Fur-
ther, non-visible illumination sources, e.g., ultraviolet or
infrared, may be used for at least one of the illumination
sources.
[0103] Thus, with reference also to Fig. 3 and in some
embodiments, the illumination system 306 may comprise
a first illumination unit (e.g., the first illumination source
316) for providing light illumination (e.g., directed to the
face of a subject 302). The first illumination unit provides
first illumination 406a by emitting at a first spectral emis-
sion band. The first spectral emission band is selected
to be substantially overlapping a first spectral detection
band of an imaging unit (e.g., the imaging system 304)
[0104] The illumination system 306 may comprise a
second illumination unit (e.g., the second illumination
source 318) for providing linearly polarized light (illumi-
nation) (e.g., directed to the face of the subject 302). The
second illumination unit provides second illumination
406b by emitting at a second spectral emission band.
The second spectral emission band is selected to be sub-
stantially overlapping a second spectral detection band
of the imaging unit.
[0105] A first linear polarizing filter (e.g., illumination
system polarizer 320) associated with the second illumi-
nation unit is oriented perpendicular to the polarization
axis of light admitted into the imaging unit.
[0106] The imaging unit comprises a second linear po-
larizing filter (e.g., imaging system polarizer 310). The
imaging unit is configured to admit at least two spectral
detection bands. The imaging unit is configured to cap-
ture (e.g., image) diffuse reflectance of the second illu-
mination 406b reflected from the surface (e.g., face) of
a subject 302. The imaging unit is further configured to
capture total (e.g., diffuse and specular) reflectance of
the first illumination 406a reflected by the surface of the
same subject. The wavelength and the bandwidth of the
illumination 406a, 406b is decided in combination with
the spectral detection bands associated with the imaging
unit.
[0107] A control unit (e.g., computer 308) may be pro-
vided for controlling the illumination and detection pa-
rameters and storing and/or processing the captured
RAW Bayer images or videos (e.g., receiving the first and
second imaging data and determining information re-
garding specular reflection). As noted above, specular
reflection may be extracted from the two separate chan-
nels from the RAW Bayer image data.
[0108] Fig. 5 is a schematic drawing of a representation
of the method of determining certain information about a
surface of a subject according to an embodiment. Ref-
erence is made to features of Fig. 3 and reference nu-
merals for like features are incremented by 200. The rep-
resentation shows the imaging data (indicated by imag-
es) obtained by the procedure described above.

[0109] According to Fig. 5, the information regarding
specular and diffuse reflection is shown in the parallel ’P’
image, which is derived from the admitted first illumina-
tion 306a. The information regarding diffuse reflection is
shown in the cross ’C’ image, which is derived from the
admitted second illumination 306b. The total intensity is
shown by the ’P+C’ image. The difference between the
’P’ and ’C’ image is shown by the ’P-C’ image. Thus, the
’P-C’ image corresponds to the specular reflected image.
Each of the images is derived by ’de-Bayering’ or extract-
ing the individual channels (i.e., red, blue or green) ad-
mitted by the corresponding pixels related to the color
filter array 512. Fig. 5 also shows a sequence of frames
obtained at different angles of the specular reflected im-
age. The process for obtaining each frame is relatively
straightforward (e.g., in some cases, one frame is ac-
quired at each angle and just that one frame is needed
to extract the specular reflection information).
[0110] Some commercial color cameras, such as
those of mobile phones, have an in-built Bayer filter (e.g.,
comprising a 2 green, a red and a blue sub-filter). By
utilizing the spectral gating procedure and polarization
gating by orthogonal polarizers as described herein,
cross and parallel polarized images of the face may be
obtained simultaneously without any motion artefact. It
may therefore be possible to obtain the cross and parallel
polarized image simultaneously, which may reduce cost
and/or complexity, and permit rapid acquisition and
processing of frames e.g., for multiple frames at different
angles.
[0111] Due to the scattering and reflection property of
skin, the combination of a color camera and multiple il-
lumination sources, of which at least one is polarized,
has less overlap in the Bayer spectrum. This arrange-
ment may provide two images (e.g., corresponding the
first and second imaging data) of which one comprises
specular reflections and other without any specular re-
flections (i.e., diffuse reflection instead).
[0112] The intensity recorded in the two images may
be distinct due to different absorption, scattering and po-
larization properties of the skin (as well as different in-
tensity of the first and second illumination 306a, 306b
provided by the illumination system 306). The sensitivity
of the gloss measurement can be refined by selecting
appropriate wavelengths of light by prior knowledge of
the Bayer filters (or other type of color filter array 512 or
other optical arrangement) and the specular reflection
spectrum of the skin.
[0113] Further, certain methods described herein may
be extended by analyzing the histogram of the pixel in-
tensity information in the ’P-C’ image to quantitatively
measure e.g., oiliness reduction after a personal care
regime, etc. For example, a P-C image histogram with a
peak towards higher pixel intensity values may indicate
lots of specular reflection whereas a more even distribu-
tion of pixel intensity values (or a peak towards lower
pixel intensity values) may indicate minimal specular re-
flection.

19 20 



EP 4 101 368 A1

12

5

10

15

20

25

30

35

40

45

50

55

[0114] Fig. 6 shows a method 600 (e.g., a computer-
implemented method) of determining certain information
about a surface of a subject (e.g., the skin of a user). The
method 600 may be implemented by a computer such
as a user device, or a server or cloud-based service (e.g.,
communicatively coupled to the user device). An exam-
ple of a user device includes a smart device such as a
smartphone, tablet, smart mirror or any other device ca-
pable of processing imaging data as described below.
Reference is made to Fig. 3 in the description below.
[0115] The method 600 comprises the blocks 102 and
104 of the method 100. The method 600 further compris-
es extracting, at block 602, from raw imaging data ob-
tained by the at least one imaging device 314, the first
imaging data separately from the second imaging data.
Block 602 is implemented prior to block 102.
[0116] Fig. 7 shows a tangible machine-readable me-
dium 700 storing instructions 702 which, when executed
by processing circuitry (e.g., at least one processor) 704,
cause the processing circuitry 704 to implement certain
methods described herein, such as method 100, method
600 and/or related embodiments.
[0117] Fig. 8 shows an apparatus 800, which may be
used for implementing certain methods described herein
such as the method 100, method 600 and/or related em-
bodiments. The apparatus 800 may comprise modules
with functionality corresponding to certain features de-
scribed in relation to the system 200 of Fig. 2 such as
the computer 208 thereof. The apparatus 800 comprises
processing circuitry 802.
[0118] The processing circuitry 802 comprises a re-
ceiving module 804 configured to receive imaging data
obtained by an imaging system 204 of a subject 202. The
subject 202 is illuminated by first illumination 206a in a
first spectral band and second illumination 206b in a sec-
ond spectral band comprising different spectral content
to the first spectral band. The second illumination 206a
incident on the subject is polarized.
[0119] The imaging system 204 is configured to obtain
first imaging data within the first spectral band by admit-
ting at least part of the first spectral band into the imaging
system and preventing admission of at least part of the
second spectral band into the imaging system such that
a majority of intensity information in the first imaging data
obtained within the first spectral band is derived from the
first illumination 206a.
[0120] The imaging system 204 is further configured
to obtain second imaging data within the second spectral
band by admitting at least part of the second spectral
band into the imaging system and preventing admission
of at least part of the first spectral band into the imaging
system such that a majority of intensity information in the
second imaging data obtained within the second spectral
band is derived from the second illumination 206b.
[0121] The imaging system 204 is further configured
to admit the first and second illumination into the imaging
system 204 depending on a polarization state of reflected
first and second illumination received by the imaging sys-

tem after reflection from a surface of the subject such
that specular and diffuse reflected first illumination 206a
is admitted into the imaging system 204 and diffuse re-
flected second illumination 206b is admitted into the im-
aging system 204.
[0122] The processing circuitry 802 further comprises
a determining module 806 configured to determine infor-
mation regarding specular reflection from the surface of
the subject 202 by comparing the first and second imag-
ing data.
[0123] In some embodiments, the apparatus 800 fur-
ther comprises the imaging system 204. In some embod-
iments, the apparatus 800 further comprises the illumi-
nation system 206 configured to provide the first and sec-
ond illumination 206a, 206b.
[0124] In some cases, any of the modules described
above (e.g., the receiving module 804 and/or the deter-
mining module 806) may comprise at least one dedicated
processor (e.g., an application specific integrated circuit
(ASIC) and/or field programmable gate array (FPGA),
etc.) for implementing the functionality of the module.
[0125] In some cases, the module above (e.g., the re-
ceiving module 804 and/or the determining module 806)
may comprise at least one processor for implementing
instructions which cause the at least one processor to
implement the functionality of the module described
above. In such examples, the instructions may be stored
in a machine-readable medium (not shown) accessible
to the at least one processor. In some examples, the
module itself comprises the machine-readable medium.
In some examples, the machine-readable medium may
be separate to the module itself (e.g., the at least one
processor of the module may be provided in communi-
cation with the machine readable medium to access the
instructions stored therein).
[0126] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments.
[0127] One or more features described in one embod-
iment may be combined with or replace features de-
scribed in another embodiment. For example, the meth-
ods 100, 600 of Figs. 1 and 6 may be modified based on
features described in relation to the systems 200, 300 of
Figs. 2 and 3, the machine-readable medium 700 and/or
the apparatus 800, and vice versa.
[0128] Embodiments in the present disclosure can be
provided as methods, systems or as a combination of
machine-readable instructions and processing circuitry.
Such machine-readable instructions may be included on
a non-transitory machine (for example, computer) read-
able storage medium (including but not limited to disc
storage, CD-ROM, optical storage, etc.) having computer
readable program codes therein or thereon.
[0129] The present disclosure is described with refer-
ence to flow charts and block diagrams of the method,
devices and systems according to embodiments of the
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present disclosure. Although the flow charts described
above show a specific order of execution, the order of
execution may differ from that which is depicted. Blocks
described in relation to one flow chart may be combined
with those of another flow chart. It shall be understood
that each block in the flow charts and/or block diagrams,
as well as combinations of the blocks in the flow charts
and/or block diagrams can be realized by machine read-
able instructions.
[0130] The machine readable instructions may, for ex-
ample, be executed by a general purpose computer, a
special purpose computer, an embedded processor or
processors of other programmable data processing de-
vices to realize the functions described in the description
and diagrams. In particular, a processor or processing
circuitry, or a module thereof, may execute the machine
readable instructions. Thus functional modules of the
computer 208, computer 308 and/or apparatus 800 (for
example, the receiving module 804 and/or the determin-
ing module 806) and other devices described herein may
be implemented by a processor executing machine read-
able instructions stored in a memory, or a processor op-
erating in accordance with instructions embedded in logic
circuitry. The term ’processor’ is to be interpreted broadly
to include a CPU, processing unit, ASIC, logic unit, or
programmable gate array etc. The methods and func-
tional modules may all be performed by a single proces-
sor or divided amongst several processors.
[0131] Such machine readable instructions may also
be stored in a computer readable storage that can guide
the computer or other programmable data processing
devices to operate in a specific mode.
[0132] Such machine readable instructions may also
be loaded onto a computer or other programmable data
processing devices, so that the computer or other pro-
grammable data processing devices perform a series of
operations to produce computer-implemented process-
ing, thus the instructions executed on the computer or
other programmable devices realize functions specified
by block(s) in the flow charts and/or in the block diagrams.
[0133] Further, the teachings herein may be imple-
mented in the form of a computer program product, the
computer program product being stored in a storage me-
dium and comprising a plurality of instructions for making
a computer device implement the methods recited in the
embodiments of the present disclosure.
[0134] Elements or steps described in relation to one
embodiment may be combined with or replaced by ele-
ments or steps described in relation to another embodi-
ment. Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality. A single processor or other unit
may fulfil the functions of several items recited in the
claims. The mere fact that certain measures are recited

in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. A computer program may be stored or dis-
tributed on a suitable medium, such as an optical storage
medium or a solid-state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the Internet or other wired or
wireless telecommunication systems. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A computer-implemented method (100), comprising:
receiving (102) imaging data obtained by an imaging
system (204) of a subject (202) illuminated by first
illumination (206a) in a first spectral band and sec-
ond illumination (206b) in a second spectral band
comprising different spectral content to the first spec-
tral band, wherein the second illumination incident
on the subject is polarized, and wherein the imaging
system is configured to:

obtain first imaging data within the first spectral
band by admitting at least part of the first spectral
band into the imaging system and preventing
admission of at least part of the second spectral
band into the imaging system such that a ma-
jority of intensity information in the first imaging
data obtained within the first spectral band is
derived from the first illumination;
obtain second imaging data within the second
spectral band by admitting at least part of the
second spectral band into the imaging system
and preventing admission of at least part of the
first spectral band into the imaging system such
that a majority of intensity information in the sec-
ond imaging data obtained within the second
spectral band is derived from the second illumi-
nation; and
admit the first and second illumination into the
imaging system depending on a polarization
state of reflected first and second illumination
received by the imaging system after reflection
from a surface of the subject such that specular
and diffuse reflected first illumination is admitted
into the imaging system and diffuse reflected
second illumination is admitted into the imaging
system; and
determining (104) information regarding specu-
lar reflection from the surface of the subject by
comparing the first and second imaging data.

2. The method of claim 1, wherein a timeframe over
which the first imaging data is obtained at least par-
tially overlaps with a timeframe over which the sec-
ond imaging data is obtained.
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3. The method of claim 2, wherein the imaging system
is configured to simultaneously obtain the first and
second imaging data.

4. The method of any of claims 1 to 3, wherein the im-
aging system (304) comprises an imaging system
polarizer (310) configured to admit, into the imaging
system, reflected first and second illumination (306a,
306b) that has an electric field component that is
parallel to a polarization axis of the imaging system
polarizer; and attenuate reflected first and second
illumination that has an electric field component that
is perpendicular to the polarization axis.

5. The method of any of claims 1 to 4, wherein the in-
formation regarding specular information is indica-
tive of a gloss level of the subject’s skin, and wherein
the gloss level is determined by calculating a differ-
ence between intensity information in the first imag-
ing data and the second imaging data.

6. The method (600) of any of claims 1 to 5, wherein
the imaging system (304) comprises a color filter ar-
ray (312) configured to enable at least one imaging
device (314) of the imaging system to obtain the first
imaging data within the first spectral band and the
second imaging data within the second spectral
band, the method further comprising extracting
(602), from raw imaging data obtained by the at least
one imaging device, the first imaging data separately
from the second imaging data.

7. A tangible machine-readable medium (700) com-
prising instructions (702) which, when executed by
processing circuitry (704), causes the processing cir-
cuitry to implement the method of any of claims 1 to 6.

8. Apparatus (208, 800) comprising processing circuit-
ry (802), the processing circuitry comprising:
a receiving module (804) configured to receive (102)
imaging data obtained by an imaging system (204)
of a subject (202) illuminated by first illumination
(206a) in a first spectral band and second illumina-
tion (206b) in a second spectral band comprising dif-
ferent spectral content to the first spectral band,
wherein the second illumination incident on the sub-
ject is polarized, and wherein the imaging system
(204) is configured to:

obtain first imaging data within the first spectral
band by admitting at least part of the first spectral
band into the imaging system and preventing
admission of at least part of the second spectral
band into the imaging system such that a ma-
jority of intensity information in the first imaging
data obtained within the first spectral band is
derived from the first illumination;
obtain second imaging data within the second

spectral band by admitting at least part of the
second spectral band into the imaging system
and preventing admission of at least part of the
first spectral band into the imaging system such
that a majority of intensity information in the sec-
ond imaging data obtained within the second
spectral band is derived from the second illumi-
nation; and
admit the first and second illumination into the
imaging system depending on a polarization
state of reflected first and second illumination
received by the imaging system after reflection
from a surface of the subject such that specular
and diffuse reflected first illumination is admitted
into the imaging system and diffuse reflected
second illumination is admitted into the imaging
system; and
a determining module (806) configured to deter-
mine (104) information regarding specular re-
flection from the surface of the subject by com-
paring the first and second imaging data.

9. The apparatus of claim 8, wherein a result of the
comparison between the first and second imaging
data corresponds to a measure of glossiness of the
subject’s skin.

10. The apparatus of any of claims 8 to 9, wherein the
apparatus further comprises the imaging system
(204) and/or an illumination system (206) configured
to provide the first and second illumination (206a,
206b).

11. The apparatus of claim 10, wherein the imaging sys-
tem (304) comprises an imaging system polarizer
(310) configured to admit, into the imaging system,
reflected first and second illumination (306a, 306b)
that has an electric field component that is parallel
to a polarization axis of the imaging system polarizer;
and prevent admission, into the imaging system, of
reflected first and second illumination that has an
electric field component that is perpendicular to the
polarization axis.

12. The apparatus of claim 11, wherein the illumination
system comprises an illumination system polarizer
(320) configured to polarize the second illumination
that is directed towards the subject, wherein a po-
larization axis of the imaging system polarizer is or-
thogonal to the polarization axis of the illumination
system polarizer.

13. The apparatus of any of claims 10 to 12, wherein the
illumination system is configured such that the first
illumination directed towards the subject is unpolar-
ized or the illumination system comprises an addi-
tional illumination system polarizer configured to po-
larize the first illumination directed towards the sub-
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ject such that the polarization state of the first illumi-
nation that is directed towards the subject is orthog-
onal to the polarization state of the second illumina-
tion that is directed towards the subject.

14. The apparatus of any of claims 10 to 13, wherein the
illumination system is configured to direct the first
and second illumination towards the subject such
that both a specular and diffuse component of the
first and second illumination reflected from the sur-
face of the subject is directed into the imaging system
for admission thereinto depending on the polariza-
tion state of the reflected first and second illumina-
tion.

15. The apparatus of any of claims 10 to 14, wherein the
imaging system (304) comprises at least one imag-
ing device (314) and an optical filter array (312),
wherein the optical filter array is configured to:

pass, to a first set of pixels of the at least one
imaging device, at least part of the first spectral
band into the imaging system such that the ma-
jority of intensity information in the first imaging
data obtained within the first spectral band is
derived from the first illumination; and
pass, to a second, different, set of pixels of the
at least one imaging device, at least part of the
second spectral band into the imaging system
such that the majority of intensity information in
the second imaging data obtained within the
second spectral band is derived from the second
illumination.
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